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Distribution of tubulointerstitial nephritis antigen and evidence for
multiple forms. A monoclonal antibody (A8) to a basement membrane
component (TIN antigen), which is associated with autoimmune tubu-
lointerstitial nephritis, was developed and utilized to characterize tissue
distribution and properties of TIN antigen by immunofluorescence
microscopy and immunoblotting. Results were confirmed with poly-
clonal goat anti-rabbit and human autoantibodies. TIN antigen was
found in basement membranes of kidney cortex, small intestines, skin,
and cornea, but was not detected in the renal medulla. Within the
kidney cortex proximal tubular basement membrane (TBM) showed the
strongest staining. TIN antigen was also detected in Bowman's capsule,
distal TBM, peritubular capillaries, and focally in the interstitium, but
not in glomerular basement membrane or mesangial matrix. Immuno-
blotting of SDS-extracted human, rabbit, mouse, and Brown Norway
rat TBM with A8 revealed predominantly a 58 kD TIN antigen;
however, other reactive components were detected in minor quantities.
Bovine TBM contained components of 52 kD, 45 kD and 35 kD in
varying concentrations. Immunoblotting of isolated rabbit TIN antigen
revealed the major 58 kD component that was characterized previously,
and minor components of 300 kD, 175 kD, 160 kD and 50 kD. TIN
antigen was not detected in Lewis rat TBM by immunofluorescence or
immunoblotting. These studies suggest the following: I) TIN antigen
may be synthesized as a high molecular weight glycoprotein that is
processed to smaller forms; 2) it may be covalently associated with
other basement membrane components; 3) the antibody reactive
epitope may be present on multiple TBM components; and 4) high
molecular weight forms may represent aggregates of TIN antigen.
These studies further characterize TIN antigen distribution in kidney,
demonstrate its presence in extrarenal tissues, and reveal various
molecular weight forms in isolated TBM preparations.
Tubulointerstitial nephritis (TIN) is characterized by abnor-
malities of the renal tubules and infiltration of the interstitium
with mononuclear and polymorphonuclear leukocytes Ii]. Im-
munologically mediated forms of TIN have been described in
rat, mouse and guinea pig models induced by immunization
with kidney tubular basement membrane (TBM). Cellular and
humoral immune responses are variably involved in the patho-
genesis of TIN in these models In humans, TIN may be
mediated by anti-TBM antibodies, but in other instances cellu-
lar immune elements may play a predominant role [2].
Anti-TBM antibodies in TIN are believed to be highly specific
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based upon their restricted tissue reactivity by immunofluores-
cence (IF), and limited reactivity by immunoblotting [3—6].
These antibodies react intensely with proximal TBM and Bow-
man's capsule but not with GBM or mesangial matrix. Binding
to other organs in animals and humans has not been detected in
several detailed studies of tissue reactivity [3, 51; however,
there are isolated reports of anti-TBM antibodies binding extra-
renal tissues. Wilson [2] observed eluted human anti-TBM
antibodies reacting with jejunal basement membrane, and Kias-
sen et al [7] reported eluted human antibodies reacting with
basement membranes of peritubular capillaries, distal, and
collecting tubules. The present study has utilized several de-
fined antibodies to further characterize binding specificity in
kidney and various tissues.
Since anti-TBM antibodies react with nephritogenic TBM
components, these are valuable tools for identification and
characterization of nephritogenic antigens(s). Variously sized
TBM components ranging from 30 kD to 70 kD have been
reported [8—15]. This laboratory has identified and character-
ized [6, 14] a 58 kD TBM component (TIN antigen) which is
reactive with human autoantibodies from patients with anti-
TBM associated TIN. Based upon limited protein sequencing, it
was concluded that TIN antigen is a unique TBM component.
In the present study we have developed a monoclonal anti-
body toward TIN antigen. This aitibody, together with poly-
clonal antibodies and human autoantibodies to TBM, reveal
unique renal and extrarenal reactivity, and the existence of 300
kD, 175 kD and 160 kD forms of TIN antigen in addition to the
58 kD and 50 kD forms which have been previously identified in
rabbit TBM [6, 14].
Methods
Antibodies
Monoclonal antibody A8 was developed by standard proce-
dures previously described [16]. Balb/c mice were immunized
with human kidney basement membrane. Spleen cells were
fused with SP2/OAgl4 mouse myeloma cells. Preliminary
screening was done by IF on normal human kidney as described
below. Initially identified clones were further tested by ELISA
and immunoblotting analysis with SDS-extracted TBM, and
finally with purified rabbit 58 kD TIN antigen. A clone showing
positive reactivity by all of these methods was subcloned by
limiting dilution and propagated for production of A8 antibody
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using tissue culture supernatant and mouse ascites. Affinity
purified goat anti-rabbit 58 kD TIN antigen (Ab95) was prepared
as previously described [14]. Human anti-TBM autoantibody,
TIN-i, was obtained from an individual with anti-TBM antibod-
ies which were identified by indirect IF [3]. The specificity of
these antibodies toward TIN antigen has been established [6,
14]. Affinity-purified polyclonal antibody toward entactin/ni-
dogen was prepared as previously described (manuscript sub-
mitted for publication). A monoclonal antibody toward Tamm
Horsfall protein (THP) was obtained from Cedarlane Labora-
tories, Ltd. (San Diego, California, USA), and polyclonal
anti-human THP was previously described [17].
Immunofluorescent microscopy
Direct and indirect IF analysis was performed as previously
described, using fluorescein-labeled secondary antibodies [16,
18]. Tissue samples were snap frozen in isopentane precooled in
liquid nitrogen, and 2 to 3 t frozen sections were cut in a
Lipshaw cryostat in a constant temperature (25°C) and humidity
30% room. The sections were placed on slides, fixed for 10
minutes with acetone, and stained with primary antibodies
followed by fluorescein conjugated secondary antibodies. Dual
fluorochrome staining was performed using in sequence: mouse
monoclonal anti-THP, rhodamine-conjugated goat anti-mouse
IgG absorbed with human serum, TIN-i, and fluorescein con-
jugated goat anti-human IgG absorbed with rat and mouse sera.
Dual staining was also performed by using in sequence: rabbit
anti-human THP, rhodamine conjugated goat anti-rabbit IgG
absorbed with human serum, monoclonal anti-TIN antigen
(A8), and fluorescein conjugated goat-anti-mouse IgG absorbed
with rabbit and human serum. To retard fluorescence quench-
ing, p-phenylenediamine in phosphate buffered saline and glyc-
erol was applied to fluorochrome-stained tissue sections. Sec-
tions were examined using epifluorescence microscopy with
appropriate filters. Indirect IF with subclass specific secondary
antibodies revealed that A8 is an IgG1 immunoglobulin.
In vivo binding of A8 antibodies to TIN antigen
Male Balb/c mice were pretreated intraperitoneally with 0.5
ml Pristane. One week later i07 hybridoma cells were injected
intraperitoneally. Two mice were sacrificed on days 7, 10 and 14
following hybridoma inoculation, and tissues were collected for
direct IF, and ascites fluid was evaluated by indirect IF. To
further examine in vivo antibody binding, A8 tissue culture
supernatant was injected into female Brown Norway rats and
rabbits. Supernatant was concentrated 30-fold by Amicon ul-
trafiltration, to give a titer of 1: 5000 by IF. Rats received 1.5 ml
intraperitoneally and 1.5 ml intravenously through the tail vein.
Rabbits were given 5 ml of concentrated A8 intraperitoneally.
Both rats and rabbits were sacrificed on days 5, 7 and 10.
Tissues were processed as described above, and evaluated by
direct IF for mouse IgG and C3 deposition using the appropriate
fluorescein-conjugated antibodies.
Electrophoresis and immunochemical procedures
SDS-PAGE using either 8% to 18% or 5% to 18% linear
gradient gels in discontinuous buffers was performed according
to the procedure of Laemmli [19]. Apparent molecular weight
determinations by SDS-PAGE were based on protein standards
run in the presence of 3-mercaptoethanol. The following pro-
tein standards were employed: carbonic anhydrase, 29 kD; egg
albumin, 45 kD; bovine plasma albumin, 66 kD; phosphorylase
B, 97 kD; /3-galactosidase, 116 kD and myosin, 205 kD.
Crude extracts of TBM in SDS were made using Laemmli
SDS-PAGE sample buffer [20]. TBM (1 mg/mI) was suspended
in sample buffer and dispersed with a Polytron tissue disruptor
at 30% of maximum power for 15 seconds. The suspension was
then heated at 90°C for five minutes followed by centrifugation
at 3000 x g for five minutes to remove insoluble materials. Four
hundred microliters containing 200 g of the solubilized TBM
was applied to 5 cm wide lanes of either 8 to 18% or 5 to 18%
electrophoresis gels. Following electrophoresis the resolved
materials were transferred to polydivinylfluoride (PDVF) trans-
fer membranes (Millipore) by semi-dry electroelution. One half
cm strips containing transferred TBM components were cut
from the PDVF membranes for immunoblot analysis.
Purified TIN antigen obtained as described below was pre-
pared for electrophoresis by precipitation in 10 volumes of
ethanol and then dissolved in sample buffer at a concentration
o approximately 0.5 tg/d. Five to 10 g samples per 0.5 cm
lane were used for silver staining and immunoblotting. Proteins
transferred to PDVF membranes were detected by incubation
of the membrane with antisera to TIN antigen, followed by
incubation with anti-IgG conjugated with alkaline phosphatase,
and with substrate from Bio Rad (Richmond, California, USA).
Gold staining of proteins on PDVF membrane was done using
an Immuno-Blot Assay Kit from Bio Rad.
ELISA was performed using samples coated to polystyrene
microtiter wells in either 0.2 M sodium carbonate buffer, pH 9.5
or in 6 M guanidine HCI, 0.05 M Tris, pH 7.4. Coated samples
were incubated overnight at room temperature, then washed
and incubated with antisera diluted in 0.05 M sodium/potassium
phosphate, pH 7.5, 0.15 M NaCl, 0.05% Tween 20, 0.2% bovine
serum albumin. Plates were then washed and incubated with
alkaline phosphatase conjugated secondary antibody and tested
for enzyme activity using p-nitrophenyl phosphate as substrate.
Enzyme activity was determined by measuring absorbance at
414 nm. Coating and incubation steps were done for one hour at
37°C. ELISA plates were washed with 0.15 M NaCl, 0.05%
Tween 20, 0.2% bovine serum albumin.
Preparation of basement membranes
Rabbit, bovine and human TBM were prepared as previously
described [21]. Kidney cortices were disrupted with a Polytron
in the presence of protease inhibitors, then passed successively
through stainless steel sieves. Rabbit tubules were further
purified by sucrose density centrifugation. TBM was obtained
by sonication in 1 M NaCI with protease inhibitors.
To minimize proteolysis of TIN antigen during TBM purifi-
cation, mouse and rat kidneys were cooled immediately, and
basement membranes obtained within 30 minutes of organ
collection. Either rat kidney cortices (N = 6) or whole mouse
kidneys (N = 100) were Polytron disrupted for 30 seconds at
50% of maximum power using a PT 10-25 generator and 1 cm
probe. Disrupted tissue was passed through a # 35 stainless
steel sieve and the eluate was collected on a # 250 sieve. Tissue
collected on the # 250 sieve was concentrated by centrifuga-
tion, suspended in 1 M NaC1-inhibitor solution and sonicated for
three minutes. The product, which contained a mixture of TBM
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Fig. 1. Inhibition ELISA of monoclonal anti-TIN antigen (A8) binding
to guanidine . HCI soluble TBM. Rabbit TBM was extracted with 6 M
guanidine. HCI, 0,05 M Tris, pH 7.4, and 20 g/m1 soluble material
applied to ELISA plates. Inhibition of antibody binding to coated wells
was examined by absorption with either 0.00! to 1.0 tg purified 58 kD
TIN antigen (circles), or globular domain (NC!) of bovine TBM type IV
collagen (squares). Specificity is indicated by complete inhibition
achieved with TIN antigen, and lack of inhibition with NC!.
and GBM, was washed successively in 1 M NaCI-inhibitor
solution and distilled water, and then lyophilized.
Rat ileum was dissected, washed with inhibitor solution to
remove debris, and disrupted with the Polytron. Disrupted
tissue was then extracted in SDS buffer as described above and
used in immunoblotting experiments for analysis of TIN anti-
gen.
Preparation of TIN antigen
Purified antigen was prepared from 6 M guanidine . HCI
extract of rabbit TBM as previously described [l4}. Solubilized
antigen was purified by cation-exchange chromatography on
columns of S-Sepharose followed by gel filtration in 6 M
guanidine. HCI on a Sephacryl S-300 column and reversed
phase HPLC. Purification steps were monitored by SDS-PAGE
analysis. Purified TIN antigen used in these studies for inhibi-
tion ELISA consisted of mixed 58 kD (90%) and 50 kD forms
(10%). Pure 58 kD TIN antigen was used for immunoblotting
experiments.
Alternatively, TBM was digested with 0.5 mg of collagenase
per 100 mg basement membrane in 0.05 M Tris, 0.2 M NaCl, 2.0
mM CaCl2, pH 7.4. Digestion mixtures containing 2 mg/mI of
TBM plus collagenase were incubated overnight at 37°C. Fol-
lowing digestion, samples were clarified by centrifugation,
dialyzed into 2 M urea, 0.05 M Tris, pH 6.8 and applied to a
Sephacryl S 300 gel filtration column (2.5 x 90 cm). Materials
reactive with monoclonal anti-TIN antigen (A8) were eluted
from the gel filtration column, pooled, and further purified by
cation-exchange chromatography on columns (2.5 x 15 cm) of
S-Sepharose equilibrated in the same buffer. The S-Sepharose
column was developed by batchwise elution with 0.1 M NaCI




Human + + +
Bovine + + +
Rabbit + + +
Sheep + + +
Dog + + —
Guinea pig + + +
Rat
Sprague-Dawley + + +
Brown Norway + + +
Lewis — - -
Mouse (Balb/c) + + +
Chicken — — —
Results
Monoclonal antibody toward TIN antigen
Inhibition ELISA experiments were performed to establish
the specificity of mouse monoclonal A8 for TIN antigen. The
binding of A8 to ELISA plates coated with 6 M guanidine . HC1
extracted rabbit TBM was completely inhibited with a purified
rabbit TIN antigen consisting of a mixture of 58 kD and 50 kD
forms, as illustrated in Figure 1. No inhibition of binding was
detected with the NC! globular domain of Type IV collagen
from TBM, an unrelated molecule, at similar protein concen-
trations (Fig. 1). Immunoblotting experiments revealed that A8
binds to both SDS-extracted TBM and purified 58 kD TIN
antigen (see below), providing further evidence of its speci-
ficity.
A8 stained Brown Norway rat but not Lewis rat tissues by IF
(Table 1), as previously observed with other anti-TBM antibod-
ies associated with TIN. A8 exhibited a broad species reactivity
with all mammalian species tested but was less reactive with
mouse renal basement membranes and not reactive with
chicken kidneys. Both human autoantibody, TIN-i, and poly-
clonal goat anti-rabbit TIN antigen (Ab95) which were previ-
ously shown to bind 58 kD TIN antigen [3,6, 14], showed broad
species reactivity similar to A8 except that Ab95 did not bind to
dog kidney (Table 1).
Kidney distribution of TIN antigen
Binding of A8, TIN- 1, and Ab95 to kidney sections was
evaluated by IF on all species described above. The distribution
pattern, which was similar for all three antibodies, is summa-
rized in Table 2. Figure 2 illustrates antibody binding patterns
on bovine and human kidney sections. Staining of Bowman's
capsule varied depending on location. Staining intensity was
greatest at the urinary pole which gradually decreased toward
the vascular pole where it was minimal. No antibody reactivity
with structures inside the glomerulus was detected (Fig. 2 A, E,
F). All TBM in the renal cortex stained, although the intensity
was greatest in proximal TBM and relatively low in distal TBM.
In addition, staining of peritubular capillary basement mem-










Table 1. Reactivity of antibodies to TIN antigen with renal basement
membranes of various speciesa
0.001 0.01 0.1
° Reactivity was determined by immunofluorescent microscopy as
positive (+) or negative (—).b Mouse monoclonal (A8), human autoantibody (TIN-!), and affinity
purified goat anti-rabbit TA (Ab 95) were compared.













Antibody (A8, TIN-I and Ab 95) binding was graded as: negative (0)
to intensely reactive (3+). No difference was observed among the 3
antibodies.
showed identical reactivity with bovine peritubular capillaries
(not shown). Figure 2D illustrates diffuse interstitial staining.
Human kidney reacted with A8 (Fig. 2E) and TIN-i (Fig. 2F)
revealed the same staining pattern described above for bovine
kidney. Rabbit, rat and mouse renal cortices showed the same
distribution of TIN antigen as observed above. Sections of
mouse and Brown Norway rat kidney medulla were negative for
TIN antigen using each of these antibodies. These results
indicate that TIN antigen is present diffusely in TBM of renal
cortex, and absent in medulla.
The relationship of TIN antigen to THP in the distal tubules
was determined by dual-labeled antibody experiments (Fig. 3).
THP was determined in tubular cells encircled by TIN antigen
in TBM, confirming the fact that distal parts of the nephron
(distal convoluted tubule, ascenting loop) contained TIN anti-
gen. Results were confirmed by a similar dual labeled antibody
experiment which utilized rabbit anti-human THP and A8
primary antibodies (not shown).
Identflcation of TIN antigen in extrarenal tissues
Various extrarenal human, rat and rabbit tissues were tested
for TIN antigen reactivity by indirect IF (Table 3 and Fig. 4).
TIN antigen was detected in epithelial basement membranes of
human small intestine, skin and cornea with both A8 and Ab95.
The intensity of staining in the ileum was similar to that of distal
tubules in the kidney. Trace staining was observed in the
duodenum and jejenum. Within the eye, TIN antigen was found
in corneal epithelial basement membrane, but not in Descem-
et's membrane, iris, ciliary body, retina, lens or optic nerve
basement membranes. In skin, staining was observed along
basement membranes of epidermis, sebaceous glands and hair
follicles. TIN antigen was not detected in human lung, spleen,
liver, pancreas, placenta, gray matter of brain and choroid
plexus with A8 and Ab95; it was also absent in cardiac and
skeletal muscle, and in epithelial basement membranes of
esophagus, stomach, bladder and ureter.
Human cornea! epithelial basement membrane stained posi-
tively with TIN-i, however, human small intestine and skin
were negative, although interpretation was difficult because of
high background staining seen antisera to human IgG. There-
fore, to define reactivity of TIN-i in non-renal tissues, we
evaluated various tissues of rats and rabbits. Epithelial base-
ment membranes of rat and rabbit intestine, skin and cornea
showed TIN antigen reactivity (Fig. 4D), and other organs were
negative. Rabbit basement membranes stained positively with
A8; however, except for kidney, rat tissues could not be
evaluated with the mouse antibody due to high background
staining. No reactivity of Lewis rat intestine, skin and kidney
was demonstrated with TIN-i and Ab95.
In vivo binding of antibodies to TIN antigen
In vivo binding of antibodies to TIN antigen was evaluated by
direct IF of homologous and heterologous IgG localization in
rabbits, Brown Norway rats and in mice (Table 3). Mice
receiving A8 antibody-producing hybridoma grafts had mouse
IgG deposition in kidney TBM, peritubular capillaries, intersti-
tium, and basement membranes of small intestine. The intensity
of renal interstitial staining increased with time, however,
basement membrane staining was the same at 7, 10 and 14 days
after injection of hybridoma cells. Basement membranes of skin
and cornea were negative. Rats and rabbits receiving injections
of either A8 or Ab95 showed IgG binding to kidney TBM,
Bowman's capsule and peritubular capillaries, and in basement
membrane of the small intestine. The duodenum and jejenum
stained more intensely than the ileum. Staining in kidney
interstitium, skin and cornea was not detected following injec-
tion of either A8 or Ab95. Complement activation as evidenced
by C3 deposition was not detected in kidneys of all species.
Immunoblotting with anti-TBM antibodies
Tubular basement membranes from human, rabbit, mouse,
bovine, and rat kidneys were evaluated by immunoblotting. A
prominent 58 kD band was detected with A8 (Fig. 5), TIN-i and
Ab95 (not shown) in SDS-extracted TBM from each species
except bovine. Bovine TBM preparations showed prominent
bands of 52 kD, 45 kD and 35 kD with these antibodies
indicating that they are consistently present, however, the
amount of these components relative to the 52 kD band varied.
Trace quantities of low molecular weight bands were observed
in rabbit and mouse TBM extracts, but were not found in
various preparations of human TBM. High molecular weight
bands (> 58 kD) were detected by immunoblotting in each
species when heavy protein loads were applied to SDS gels, and
were more discernible when 5% to 18% polyacrylamide gradi-
ents were used (Fig. 5). The presence of high molecular weight
components reactive with A8 suggests that 58 kD TIN antigen
and other reactive components may be derived from a larger
precursor, possibly by proteolytic degradation during TBM
isolation or TIN antigen extraction. The latter possibility was
tested with rat and mouse kidneys, which were processed
rapidly to minimize the possibility of proteolysis. Rapidly
prepared mouse and rat basement membranes (Fig. 5) appear to
have the same amount of high molecular weight reactivity
relative to 58 kD reactivity when compared with more slowly
processed basement membranes. This suggests that 58 kD TIN
antigen is present in native TBM. Lewis rat TBM extracts were
negative for TIN antigen using A8, TIN-i and Ab95 antibodies,
while rabbit anti-entactin/nidogen reacted with both Lewis and
Brown Norway rat TBM as a positive control (not shown).
To more precisely evaluate the reactivities with high molec-
ular weight forms, TIN antigen was partially purified by gel
Table 2. Distribution of TIN antigen in the kidney by
immunofluorescence
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Fig. 2. Indirect immunofluorescence microscopy using monoclonal anti-TIN antigen (A8) on sections of bovine (A—D) and human (E, F) kidneys.
Reactivity is observed with Bowman's capsule (arrow inside glomerulus), TBM, but not with GBM (A). The fluorescence of TBM varies from
intense to weak (arrows) (B). Reactivity is also observed in peritubular capillary basement membranes (arrows) (C), and more weakly in interstital
sites that have not been defined (arrow) (D). Similar staining characteristics are seen on human kidney (E). For comparison, similar binding of a
human autoantibody (TIN-i) is illustrated on human kidney (F). Glomeruli are indicated by the letter g. Magnification: A, x665; B, x665; C,
x1020; D, x1567; E, x483; F, x544.
filtration and S-Sepharose ion-exchange chromatography of
either 6 M guanidine . HCI extracted or collagenase digested
rabbit TBM. Both preparations yielded similarly sized products
reactive with A8; however, the collagenase method produced
sharper bands upon SDS-PAGE analysis. Silver stained SDS-
PAGE revealed a prominent broad band representing the 58 kD
TIN antigen together with the 50 kD form. Less intense bands
of 160 kD and 175 kD bands and a lightly stained band of 300 kD
appeared in these preparations (Fig. 6). By immunoblotting,
each of these bands reacted with A8, TIN-i and Ab95 antibod-
ies. Immunoblotting of basement membrane from rat ileum with
A8 antibody revealed lightly stained bands of 58 kD and 175 kD
(not shown), confirming the IF study which indicated presence
of TIN antigen in this portion of the intestine.
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In vjtioa In vivo"
Kidney cortex 3+c 3+
Bladder 0 ND
Ureter 0 ND
Skin (epidermal BM) I + 0
Eye





Large bowel 0 0
Duodenum TR I +









a Antibody (A8, TIN-i and Ab 95) binding to human, rat, and rabbit
tissues was graded from 0 (negative) to 3+ (intensely reactive by
indirect IF. No differences were observed among the 3 antibodies
utilized. Human esophagus, stomach, bladder and ureter were not
tested (ND).
b Antibody binding was evaluated with direct IF by staining for
bound mouse IgG in Brown/Norway rats injected with A8; and in
ascites-producing mice injected with A8 producing hybridoma cells. In
mice only kidneys and intestine were tested. Not tested is indicated by
"ND".
C Binding to kidney cortex basement membranes is variable (see
Table 2).
Fig. 3. Immunofluorescence microscopy of a section of normal human
kidney stained sequentially with a mouse monoclonal antibody to THP
and rhodamine conjugated anti-mouse IgG, followed by an autoanti-
body to TIN antigen (TIN-I) and fluoresceine conjugated rabbit anti-
IgG. A. In the rhodamine phase cellular staining of distal tubules are
noted. B. In the fluoresceine phase reactivity of TBM is present. The
more weakly stained TBM include these encircled THP positive tubules
(asterisks). Magnification: x480.
Discussion
Renal basement membrane components associated with TIN
have been generally considered to be proximal TBM and
Bowman's capsule antigens. The present study demonstrates
that while TIN antigen is restricted in its distribution, it is more
broadly distributed than previously appreciated. Reactivity
with TBM other than that of proximal tubules was demon-
strated by dual-labeled antibody experiments using anti-THP in
combination with either TIN-i or A8. TIN antigen was identi-
fied in tubules containing THP, an established marker for the
ascending limb of the loop of Henle and the distal tubule [22].
Earlier studies of tissue reactivity with TIN-i [3] and monoclo-
nal anti-TBM antibodies [5] did not reveal the extensive renal
and extrarenal distribution of TIN antigen. Background staining
interference seen by IF when applying antibodies to tissues of
the same or closely related species may account for lack of
staining of extrarenal tissues in these studies. However, Leh-
man, Wilson and Dixon [23] reported that eluted IgG from
kidneys of Brown Norway rats immunized with bovine TBM
bound to jejunal basement membrane and choroid plexus. In
the present investigation, background staining was not proble-
matic in specimens of kidney. It was a limiting factor in
examining extrarenal tissues where the concentration of TIN
antigen appeared to be relatively low. The difficulty was over-
come in part by evaluating reactivity of human tissues with
mouse monoclonal antibody A8 and tissues from other species
with human TIN-i antibody.
The fact that proximal TBM, Bowman's capsule and peritu-
bular capillaries are intensely reactive, whereas distal TBM and
non-renal tissues appear less reactive, suggests variability in
tissue concentration of TIN antigen. The phenomenon was also
observed in the intestine, where duodenum, and jejenum are
less reactive by direct IF than ileum. Thus it seems possible that
TIN antigen could be present in other tissues in concentrations
too low to detect by these methods. On the other hand, when
we enhanced the sensitivity of the detection system by using
biotin-avidin procedures, no additional sites of reactivity were
revealed.
In light of the present findings, it is interesting to note several
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Fig. 4. Indirect i,nmunofluorescenr microscopy using anti-TiN antibodies on extrarenal basement membranes, Binding of monoclonal anti-TIN
antigen (A8) is observed along the epithelial basement membranes of human cornea (A); human skin (B), and human ileum (C). Human
autoantibody to TIN antigen (TIN-I) binds to the same sites, as illustrated (D) with rat ileum. Autofluorescence is observed in the submucosal
region. Magnification A, x528; B, x490; C, x496 and D, x488.
reported associations between intestinal disorders and anti-
TBM autoantibodies. Anti-TBM antibodies eluted from a pa-
tient's kidney have been reported to react with jejunal basement
membranes and TBM [21. Further, anti-TBM antibodies have
been reported in a patient with celiac disease and nephrotic
syndrome, in two patients with villous atrophy of the small
intestine, and in a patient with intestinal bypass oxalosis and
chronic TIN [2]. Another study reported anti-TBM antibodies
eluted from a human renal allograft reactive with basement
membranes of peritubular capillaries and distal and collecting
tubules [71. An association between TIN and uveitis [24—26] has
been reported which is believed to involve cell mediated
immunity because of the presence of interstitial cellular infil-
trates consisting of lymphocytes and plasma cells. Conceivably
TIN antigen could be the common link between uveitis and TIN
in these cases.
The existence of high molecular weight forms of TIN antigen
suggests that these are derived either in vitro or in vivo from a
common 300 kD precursor. To examine whether this is only an
in vitro phenomenon, immunoblotting was performed on both
mouse and rat TBM which was processed entirely within
one-half hour of organ collection. If proteolysis occurred in
vitro during TBM preparation, then one would expect to find a
greater proportion of high molecular weight forms in rapidly
prepared TBM compared to TBM isolated by the standard
procedure [141. Since rapidly processed TBM also contained a
major 58 kD reactive component and only traces of reactive
high molecular weight material, it appears that 58 kD TIN
antigen also exists in native TBM. On the other hand in vitro
proteolysis may be responsible for generating the A8 reactive 45
kD and 35 kD fragments observed in bovine TBM. Although
these fragments were found in all bovine TBM preparations,
their concentration relative to the 52 kD form varied, suggesting
proteolysis during isolation procedures. An alternative expla-
nation for reactivity with high molecular weight bands is that
A8, TIN-l and Ab95 antibodies detect common epitope(s)
shared by several TBM components. Another possibility is that
high molecular weight forms correspond to covalent cross-
linked products of smaller forms. Further investigation is
needed to clarify the relationship between the different molec-
ular weight forms of TIN antigen.
Proteolysis during isolation may account in part for variable
/ /
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Fig. 5. Immunoblot analysis of TIN antigen with monoclonal anti-TIN
antigen (A8). Binding of antibody to reversed phase HPLC purified 58
kD TIN antigen (lane I); SDS solubilized TBM from rabbit (lane 2); cow
(lane 3), human (lane 4), mouse (lane 5) and Brown Norway rat (lane 6).
Lewis rat TBM was not reactive by this method (lane 7). Prominent 58
kD bands (indicated by 58 K—*) are seen in each reactive species,
except bovine TBM which shows an intense 52 kD band, and 45 kD and
35 kD components which are less intense. Weakly staining high
molecular weight components (arrows) are also detected (lanes 5 and 6).
molecular weights, ranging from 30 kD to 70 kD reported by
other investigators for TBM components associated with TIN,
since most of these experiments employed proteases to solubi-
lize the antigen [4, 8—13]. During incubation of TBM with
collagenase to solubilize TIN-associated antigens, endogenous
proteases may also cleave the product. However, in this study
components of TIN antigen prepared from either collagenase
digests or guanidine . HCI extracts appeared to have similar
molecular weights. On the other hand, methods which employ
trypsin solubilization result in lower molecular weight products,
including a 30 kD mouse antigen reported by Wakashin et a!
[12], and a 45 kD antigen reported by Yoshida et al [13]. The
latter investigators point out that there may be more than one
antigen system involved in TIN, thus accounting in part for the
range of molecular weights reported for these antigens. Alter-
natively, it seems possible that various studies may have
identified different products derived from the same precursor
molecule. This explanation could account for antibodies to
components of varying molecular weight having similar immu-
nohisotological staining pattern in the kidney, and for the
differences in chemical composition of the isolated components
[4, 14].
The TBM antigen reported by Yoshida et al [13] was prepared
from Lewis rat TBM, which does not react with anti-TBM
antibodies generated in other model systems. Indeed, their
anti-Lewis rat TBM antibody does not react by IF with strain
XIII guinea pig [13], further supporting their suggestion of a
separate antigen system. This theory is also supported by our
observations, since none of the antibodies employed in this
Fig. 6. Immunobtot analysis of high molecular weight forms of TIN
antigen. Rabbit TIN antigen was partially purified from collagenase
digests by gel filtration and cation exchange chromatography, resolved
by SDS-PAGE and examined by direct staining with silver (lane 1) or
following transfer to PDVF membrane as follows: Gold stain of
transferred protein (lane 2), reactivity with monoclonal anti-TIN anti-
gen (A8) (lane 3), goat anti-rabbit TIN antigen (Ab95) (lane 4), and
human autoantibody to TIN antigen (TIN-i) (lane 5). High molecular
weight components of 300 kD, 175 kD and 160 kD reactive with each
antibody are revealed. Arrows indicate components whose molecular
weights are given in kilodaltons.
study reacted with Lewis rat TBM by either immunoblotting or
IF. Separate antigen systems could therefore account for vary-
ing molecular weights of the relevant components.
In summary, these studies further define the tissue distribu-
tion of TIN antigen, and present evidence for high molecular
weight forms that may be processed to smaller forms of varying
sizes. Further development of preparative isolation methods
and specific antibody probes will help in further investigations
of the nature and function of TIN antigen.
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